. British Journal of Industrial Medicine, 33, 92-99. Shoe-makers' polyneuropathy in Italy: the aetiological problem. Since 1957, when the first cases of the so-called shoe-makers' toxic polyneuropathy were reported, nearly 4.00 cases have been described in the Italian literature. The substance that was considered to be responsible for the disease was triorthocresylphosphate (TOCP) contained in glues, artificial leathers, and some types of paints. However numerous chemical analyses of glues and leathers taken from factories where cases of the disease occurred have shown that in almost all instances little or no TOCP was present. In addition the disease manifests itself more frequently during winter and spring and this is not consistent with the absorption of the causative agent through the skin and/or gastrointestinal tract. In order to clarify the aetiology of the disease 122 workers in the shoe industry affected by toxic polyneuropathy during the period 1971-74 were studied. Workplaces where cases of polyneuropathy had occurred were visited and samples of glues and solvents were taken for chemical analysis. The polyneuropathy chiefly affects workers engaged in glueing and in the cleaning process, but it also affects those who do not have direct contact with glues or solvents. The disease is more common in women (68 %) than in men (32 %) and, in its more severe form, begins with overwhelming prevalence during winter and early spring regardless of the job performed. No direct relationship has been found between the severity of the disease and the number of years of work in the shoe industry or of specific exposure (that is the number of years of work in the activity performed at the onset of the disease). The polyneuropathy is found almost exclusively among workers of the artisan type in small shoe factories, where standards of hygiene are low. Chemical analysis of glues and cleaning fluids collected from five different factories, where 20 cases of polyneuropathy occurred, showed the presence of paraffin hydrocarbons with a low boiling point (pentane, 2-methylpentane, 3-methyl-pentane, n-hexane, etc.) in concentrations of more than 80% by weight.
frequently during winter and spring, and the substance considered responsible for the disease was triorthocresylphosphate (TOCP), which is contained in glues, artificial leathers, and some types of paints. The hypothesis that TOCP is involved in the aetiology has been supported as follows (Cappellini, Chiappino, and Zurlo, 1968) : Triorthocresylphosphate is used in the production of polyvinyl chloride plastics, paints, glues, and artificial leathers and is sometimes added to old stocks of glue to reactivate them; the clinical picture and the histopathological changes found among workers affected by this disease were similar to those found in patients with polyneuropathy due to exposure to TOCP which was not related to occupation, and to those found in experimental animals given TOCP; other known neurotoxic substances in the working environment that could have caused the disease were not found.
From a retrospective analysis of the reports there are several elements which in our opinion cast doubt on the importance of TOCP as the only or principal cause of the disease.
Numerous chemical analyses of the glues and leathers taken from factories where cases of the disease were found have shown that in almost all instances, little or no TOCP was present (Crepet et al., 1968; Cappellini et al., 1968) . Moreover the disease manifests itself more frequently during winter and spring, and this is not consistent with the hypothesis of absorption of the causal agent through the skin and/or gastrointestinal tract.
In order to clarify the aetiology of the disease we studied 122 shoe industry workers affected by polyneuropathy during the period 1971-74. This paper concerns the relationship between occupation and the frequency and severity of the polyneuropathy, between the severity of the disease and the age, sex, and length of exposure; and the relationship between the time of year and the onset and severity of the disease. Table 3 shows the relationship between occupation and the frequency and severity of polyneuropathy. The jobs which carried the major risk were glueing and cleaning of the finished goods with solvents. In fact 71-3 % of the patients performed these two jobs in which usually only 20-25% of workers are engaged, whereas the remaining 28-7 % of the patients worked in more than 10 other jobs into which the productive cycle of the shoe industry is divided. It is also worth noting that the patients in the last group had no direct contact with glues and solvents.
In Table 4 the relationship between the severity of the disease and age, sex, and specific and total length of exposure is analysed. The age of patients ranged from 15 to 59 years with an average of 34-8 years. No significant age differences exist between the three groups. The disease was most frequently found among women (68 %) probably because they are mainly engaged in duties which carry the major risk (glueing and cleaning). No direct relationship existed between the severity of the disease and length of total exposure (the total number of years of work in the shoe industry) or specific exposure (the number of years of work in the activity performed at the onset of the disease).
The mean total exposure was 5-4 years in Group I, 6-8 years in Group II, and 11-7 years in Group III; the mean specific exposure was of 3 4, 1-7, and 3 years respectively in the three groups. Some workers were affected by the disease after only one month of work. Fig. 1 These data cast doubt on the hypothesis that the agent responsible for the disease is contained only in the paste adhesives and is absorbed through the skin (Cappellini et al., 1968) . These observations limit, in our opinion, the importance of TOCP as the causative agent of the disease. In addition, analyses of many samples of glues and leathers taken in factories where cases of polyneuropathy occurred, showed that TOCP was either absent or present in negligible quantities (Crepet et al., 1968; Cappellini et al., 1968) .
It seems more probable that the disease is caused by volatile substances that accumulate in the working environment under conditions of poor hygiene. The most likely hypothesis is that the primary causative agents are paraffin hydrocarbons of low boiling point (pentane, hexane, heptane, and isomers), without excluding at the moment the importance of other volatile and non-volatile substances present in the materials used.
This hypothesis is supported by the following evidence:
These hydrocarbons are able to cause a polyneuropathy as has been recently demonstrated in Relationship between activity and month of onset of polyneuropathy (Groups I and II). experimental studies (Kurita, 1967; Truhaut et aL., 1973) .
They have been found in very high concentrations (more than 80% of the total solvent) in glues and cleaning fluids collected by us from five different factories which had a total of 20 workers affected by the disease (Table 5) . They were also present in similar concentrations in a glue considered responsible for 40 cases of polyneuropathy which occurred in Naples in 1973 (Collettivo mediciingegneri contro la nocivit 'a, 1974 ). An investigation conducted in shoe factories in the Marche region (Alberti, 1972, personal communication) , where most of our patients came from, showed that in 75% of the work places examined the concentration of these substances was much higher than the threshold limit value proposed by the American Conference of Governmental Industrial Hygienists. There are many similarities between our findings and those of Japanese authors who reported cases 10-9. of polyneuropathy attributed to n-hexane (Yamada, 1967; Miyagaki, 1967; Sobue et al., 1968; Inoue et al., 1970) . These similarities include the type of work, the clinical picture, the epidemiological data, the poor hygienic conditions of the work places, and the composition of the solvents used. Methyl n-butyl ketone (MBK) another industrial solvent, recently shown to cause peripheral polyneuropathy in man and in experimental animals (McDonough, 1974 Journal, 1975; Spencer et al., 1975) has not been found in glues or solvents taken from shoe factories analysed by us. The hypothesis that could explain the occasional occurrence of shoe-makers' polyneuropathy is that the disease is caused by factors acting together.
Important factors are the use of glues and/or solvents containing paraffin hydrocarbons with a low boiling point (pentane, 2-methyl-pentane, 3-methyl-pentane, hexane, heptane, etc.); poor environmental hygiene (small work places without any system for removing toxic vapours), and bad personal hygiene. These factors alone may be insufficient to provoke the disease which is precipitated when other factors are also present.
These additional conditions are the use of glues and/or solvents with an exceptionally high content of paraffin hydrocarbons with a low boiling point; increased environmental pollution such as occurs during the cold season as a result of closed doors and windows; the occasional presence of other neurotoxic substances in the materials, the role of which cannot for the present be excluded from the aetiology of the disease.
There are numerous indications that the paraffin hydrocarbons with low boiling points are the principal causes of the disease.
It is not at present clear, however, whether only one of these substances or the combined action of several hydrocarbons of the same group is responsible.
It is also not known why the disease sometimes occurs in a form so mild as to permit normal or almost normal work for months, while at other times it evolves rapidly and causes complete paralysis of the limbs within one to two months. It is possible that this effect is due to differences in the quantity of the toxic vapours absorbed by the workers, as a consequence of diversity in environmental pollution of work places.
Further experimental, clinical, andepidemiological studies are necessary to answer these aspects of the problem.
